Divergent selection for serum cholesterol concentration on d 56 was practiced in a four-breed, composite population for three generations. High and Low lines, representing high and low levels of serum cholesterol, respectively, were each maintained with approximately 10 males and 25 females per generation. Pigs from a contemporary Control line were evaluated only in the last generation. .7 and 78.9 cm, respectively). Low pigs had significantly more fat at the first rib (5.70 vs 5.28 cm) than High pigs. Lines did not differ significantly for fat thickness at the last rib, last lumbar vertebrae or 10th rib, or for longissimus muscle area. At 60 d of gestation, ovulation rate, measured as number of corpora lutea, was lower ( P < .05) for High (9.84 eggs) than for Low (11.79 eggs) or Control (11.17 eggs) gilts. Differences in ovulation rate were reflected in smaller but nonsignificant differences in number of fetuses (7.97, 9.00, and 8.55 fetuses for High, Low, and Control, respectively).
Introduction
Cholesterol is an important sterol found in animals. It can be absorbed slowly from the gastrointestinal tract into the intestinal lymph, and thus into the blood, without any previous digestion. In pigs, the liver, adipose tissue, and intestine contribute 69, 29, and 4%, respectively, of the cholesterol synthesized in the body as estimated by tissue incubation in vitro IAppreciation is expressed to Brad Freking for data analysis. aMention of a trade name, proprietary product, or specific equipment does not constitute a guarantee or warranty by the USDA and does not imply approval to the exclusion of other products that may be suitable. 3Present address: Children's Nutritional Research Center, ARS, USDA, Houston, TX 77030.
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J. Anim. Sci. 1993 . 71:1742 -1753 (Romsos et al., 1971 . Cholesterol is 1) a component of many of the membranous structures of all animal cells, 2) converted to cholic acid and other bile acids in the liver to be secreted into the intestine to aid in fat digestion, and 3 ) a precursor to several important steroid hormones secreted by the adrenal cortex, ovaries, and testes. These vital functions of cholesterol are often overshadowed by the association of plasma cholesterol concentration to coronary artery disease in humans and pigs (Kannel et al., 1974; Levy and Feinleib, 1980; Rapacz et al., 1986) . This paper reports the results of an experiment on divergent selection for serum cholesterol concentration on d 56 in swine. The objectives were to estimate the realized heritability and direct response for the 56-d concentration and correlated responses in some performance traits when selection was for high or low concentrations of cholesterol. Divergent selection was practiced to increase the rate of development of lines genetically 
Experimental Procedure

Population
Selection was initiated from a composite population with equal genetic contribution from the Chester White, Landrace, Large White, and Yorkshire breeds.
This population had been inter se mated for at least three generations before the initiation of selection.
Genera I Manage rn en t
Pigs were born and reared in farrowing crates until weaning at 28 d of age. Pigs were given access to creep feed at 14 d of age. At weaning, pigs were moved to an environmentally controlled nursery, where they remained until 2 63 d of age. During the finishing period, pigs were grouped by sex and age with 20 to 22 pigs per pen in a modified, open-front building. Gilts and boars were moved to the breeding area when the pen averaged approximately 100 kg. Within a line, gilts were hand-mated t o boars at random with the restrictions that all boars were used as equally as possible and full-sib and half-sib matings were avoided. Sows were moved to the farrowing house 4 d before their expected farrowing date. Compositions of all diets fed are given in Table 1 . All diets were formulated from vegetable materials only. There was no fat added to any diet except creep feed. Consequently, selection was among pigs fed little or no cholesterol and low-fat diets.
Selection Procedure
After 56-d weight was recorded, pigs were restricted from feed for approximately 18 h by removal of the feeder from the pen. Blood samples were then obtained from the anterior vena cava in a heparinized syringe. The blood was centrifuged and the plasma was evaluated immediately or stored at -15°C until it was analyzed. Cholesterol was determined by an enzymatic procedure (Allain et al., 1974) with cholesterol esterase and cholesterol oxidase to yield hydrogen peroxide, which was reacted with p-hydroxybenzoate and 4-aminoantipyrine to yield a red color, detected by a spectrophotometer at a wavelength of 500 nm (reagents were obtained from Gilford Systems, Oberlin, OH). The intensity of the color was directly proportional to the amount of cholesterol in the sample.
Fifty litters of pigs born to third-parity sows in 1987 formed the base generation of this experiment. Cholesterol concentration was measured on all pigs that survived to 56 d (Table 2 ). In the base generation, cholesterol concentration on d 56 was used to assign the 50 females and 20 males with the highest level to the High line and the 50 females and 20 males with the lowest level to the Low line. In After 164-d weights were taken, the pigs were not fed for 18 h and a blood sample was taken from the anterior vena cava to evaluate serum cholesterol.
Barrows remained in their pens until the pen averaged approximately 106 kg, at which time a random sample of half the pigs in the pen was slaughtered. Traits measured at slaughter were live weight; carcass length from the anterior edge of the first rib to the anterior edge of the aitchbone; midline fat thickness at the first rib, last rib, and last lumbar vertebrae; fat thickness at the 10th rib measured perpendicular to the skin, three-fourths of the distance from the medial side of the longissimus muscle; and the area of the longissimus muscle at the 10th rib.
At 165 d of age, gilts were moved to another building to monitor pubertal estrus. At approximately 8 mo of age, all gilts that exhibited estrus during a 42-d breeding season were mated to unrelated fourway white crossbred boars. Because of facility limitations, gilts were slaughtered approximately 60 d after mating to measure ovulation rate (number of corpora lutea) and number of fetuses.
Boars chosen for CNRC did not contribute to any data collected after 56 d of age. Gilts chosen for CNRC were not excluded from the random sample of gilts evaluated through 165 d of age in this study. Our random sample included 12 High and 7 Low gilts assigned to CNRC. After 165 d of age, these gilts were transported t o CNRC and did not contribute to data on puberty or other reproductive traits. Exclusion of these boars and gilts likely had little effect on comparisons among lines because selection was within litter and percentage of pigs available for random sampling was high ( 2 80%). This resulted in only minor differences between the initial mean for cholesterol concentration on d 56 and the mean after excluding the animals sent to CNRC. Initial means were 104.7, 109.5, 64.6, and 66.4 mg/dL and means after excluding selected animals were 102.4, 108.0, 66.7, and 66.9 mg/dL for High males, High females, Low males, and Low females, respectively.
Statistical Procedures
Data collected on pigs born in 1990 were analyzed using least squares, mixed-model procedures (Harvey, 1985) . The model for all traits that were measured on both sexes included the effects of line (High, Low, or Control), sire within line, sex (gilt and boar or barrow), and the interaction of line and sex. All effects in the model were assumed to be fixed except for sire within line, which was assumed t o be random and was used as the error term for line effects. The linear and quadratic effects of age at bleeding and their interaction with line were added to the model for 164-d cholesterol Concentration. The model for carcass traits included the effects of line, sire within line, and the linear effect of cold carcass weight.
All reproductive traits were analyzed with a model that included line and sire within line. Sire refers to the sire of the female that produced the record. Results of preliminary analyses were used to adjust individual fetal weights for sex and age. A quadratic regression equation derived from the entire data set was used to adjust fetal weight to a constant age of 60 d. Fetal weights were adjusted to the midpoint of the male and female means by adding or subtracting onehalf the difference between sexes within line. Total weight and average weight of the fetuses in a litter were then analyzed.
All possible linear contrasts were made among line means if the F-test for line was significant at P < .05. This is equivalent to a t-test but the overall Type I error rate is restricted because comparisons among means were made only if the F-test was significant. In the base generation, selection differentials for males and females in the High and Low lines were calculated as deviations from the mean of all males and females, respectively, measured in the base generation. In subsequent generations, selection differentials were calculated as deviations from the sex-line-generation mean. Selection differentials were calculated for cholesterol concentration and on d 56 for other traits measured before 56 d of age. Secondary selection differentials could not be calculated on traits measured after 56 d of age because only selected animals were retained.
Realized heritabilities were estimated as the ratio of total response:total cumulative selection differential. Standard errors of heritability estimates were calculated according to procedures outlined by Hill (1972a,b) and include drift variance.
Results
Descriptive statistics for traits measured through 56 d of age are presented for each line and year in Table 2 . Analyses of data collected on pigs born in 1990 revealed significant sex effects for cholesterol concentration on d 56 and birth weight. Boars averaged .05 kg heavier at birth and 3.8 mgldL lower cholesterol concentration at 56 d of age than gilts. Therefore, in Table 2 , the mean for these traits are averages of the means for the two sexes, and the standard deviation is the square root of the average of the within-sex variances. The means and standard errors for the other traits were calculated ignoring sex.
Selection differentials were calculated within sex and, thus, were not affected by sex differences. Measures of response would be affected by differences in sex ratio that may exist between lines or generations. Therefore, selection differentials for cholesterol concentration on d 56 (Table 3 ) were weighted separately by number of male progeny and number of female progeny. Selection differentials weighted by males and females were averaged to estimate selection differentials that would be attained if each parent's progeny group was composed of equal numbers of each sex. Secondary selection differentials for birth weight (Table 4 ) were weighted in the same manner as selection differentials for cholesterol concentration on d 56. Secondary selection differentials for all other traits, except litter size, were weighted by total number of progeny evaluated in the next generation. Secondary selection differentials for litter size (number of fully formed pigs born) were calculated assuming that the secondary trait was the dam's record for number of fully formed pigs born (i.e., size of litter the pig was born into). The method of calculation has been described by Gion et al. (1990) and considers that the effect of selection among males, based on the dam's record, is not measured until their daughters (dam's granddaughters) reproduce.
In Tables 3 and 4 , values given for Generations 1, 2, and 3 are the selection differentials imposed on each trait resulting from selection among pigs born in 1987, 1988, and 1989 , respectively, which are relevant to the size of litters and performance of pigs born in 1988, 1989, and 1990, respectively. Selection differentials for cholesterol concentration weighted by number of male or number of female progeny were very similar, indicating that the variation in sex ratio among sire or dam progeny groups was independent of the sire's or dam's serum cholesterol concentration (Table 3) . Average selection differentials in males were highest in the first generation (67.4 mg/dL) and slightly less but consistent in Generations 2 (53.7 mg/dL) and 3 (52.3 mg/ dL). Average selection differentials in females were also highest in Generation 1 (34.4 mg/dL) and lower in Generations 2 (27.3 mg/dL) and 3 (29.4 mgidL). Response to selection was also reasonably consistent from generation to generation (Table 2) . Incremental divergence of the High and Low lines was 13.0, 16.9, and 11.7 mg/dL in 56-d cholesterol concentration after the first, second, and third generations of selection, respectively. Relative to male selection differentials, the female selection differentials were 50% as large in Generations 1 and 2 and 60% as large in Generation 3.
Selection differentials were larger for the high level of serum cholesterol than for the low level of serum cholesterol in five of the six sex-generation classes. Total cumulative selection differentials were approximately 15 and 7% smaller for males and females, respectively, when selection was for low relative to high level of cholesterol. This was not unexpected because there is a minimum value of zero for serum cholesterol and probably a physiological minimum value greater than zero. It is not known whether a maximum value exists, but it is likely that variation in extreme values in this study were restricted more by the minimum rather than by the maximum possible values. However, even in the third generation, the selection differential in the Low line was still similar to that of the High line (average male and female selection differential = 19.1 vs 21.6 mg/dL, respectively).
Secondary selection differentials for traits measured through 56 d of age are presented in Table 4 . Using base-generation standard deviations, total cu- mulative divergent secondary selection differentials averaged across males and females were .74, .62, 1.84, 5 2 , 2.14, and .67 standard deviation units for birth weight, weaning weight, 56-d weight, ADG from 0 to 28 d, ADG from 28 to 56 d of age, and litter size, respectively. This compares with 8.5 standard deviation units of cumulative divergent selection for serum cholesterol concentration on d 56. Unintentional selection on birth weight, weaning weight, ADG from 0 to 28 d, and litter size was small and represented < 9% of the selection differential for the primary trait. However, standardized secondary selection differentials for 56-d weight and ADG from 28 to 56 d represented 21 and 25% of the standardized selection differential for the primary trait, suggesting that these traits have a moderate phenotypic relationship t o cholesterol concentration on d 56. In general, secondary selection differentials for growth traits were positive in the High line and negative in the Low line and of similar magnitude in both lines. For litter size, secondary selection differentials of females did not change much from Generation 1 t o 3 or for males from Generation 2 to 3. Selection among males did not contribute to response until Generation 2. Most of the secondary selection for litter size occurred when males and females were selected from the base population.
Realized heritabilities and standard errors are presented in Table 5 . Line-generation means, and thus measures of response, would be affected by differences in sex ratio that may exist between lines or generations. Therefore, realized heritabilities were estimated for male progeny, female progeny, and for a population composed of equal numbers of each sex. Heritability of the high level of serum cholesterol was estimated using cumulative selection differentials in the High line and response was measured as the deviation of the High line from the Control line in the terminal evaluation. Realized heritability for the low level of serum cholesterol was estimated in a similar manner from values in the Low line. Realized heritability for divergent selection was estimated from the total divergent cumulative selection differentials in the High and Low lines with response measured as the difference between the two select lines in the terminal evaluation. Estimates of realized heritability were consistent and ranged from .29 to .34. There was no indication that heritability differed for selection for high or low levels of cholesterol or that heritability was different for male and female progeny.
Line means and their average standard errors resulting from the analyses of variance are presented in Table 6 to 9. The main purpose of these analyses was the evaluation of line differences. Therefore, the significance of other effects will only be discussed briefly with results presented in the text. 
05).
Pigs from the High line were significantly heavier than pigs from the Low line at birth, weaning (28 d of age), and at 56 d of age (Table 6 ). The differences in weight increased as age increased because pigs from the High line grew 13 and 43% faster ( P < .05) than pigs from the Low line from birth to 28 d of age and from 28 to 56 d of age, respectively. These results agree with the sign of the secondary selection differentials for these traits. Control pigs were intermediate to the High and Low line pigs for these traits but were not always significantly different from both select lines (see Table 6 for significant differences).
All differences among lines were significant for serum cholesterol concentration on d 56. Cholesterol was 41.6 mg/dL higher in the High line than in the Low line. Cholesterol concentration in the Control line was 21.4 mg/dL less than in the High line and 20.2 mg/dL more than the Low line. Thus, response to selection for high and low levels of cholesterol were nearly equal despite the slightly lower total selection differential for the low level of cholesterol (Table 3) .
Lines did not differ significantly for perinatal (percentage born alive), postnatal (percentage weaned of those born alive), or preweaning (percentage weaned of all pigs born) survival. The High line averaged the highest for all three measures of survival. The Low and Control lines were very similar for all three measures of survival.
Performance of pigs from 80 t o 164 d of age is presented in Table 7 . At 80 d of age, High line pigs were significantly heavier than Low line pigs, and the Table 8 . To produce a 76.8-kg carcass, Low line barrows had to be slaughtered at slightly older ages than barrows from the High or Control lines. This again reflects the slower growth of the Low line before 56 d of age. Lines did not differ significantly in slaughter weight, suggesting no substantial differences in dressing percentage. Low line pigs produced carcasses that were significantly shorter than those produced by High or Control line pigs. Midline fat thickness was significantly greater for Low than for High line pigs, with Control line pigs very similar to Low line pigs but not significantly different from either select line. Lines did not differ significantly in other measures of fat thickness or in area of the longissimus muscle.
Line means and average standard errors for reproductive traits measured on a random sample of gilts from each line are presented in Table 9 . Lines did not differ significantly for percentage of gilts reaching puberty even though the Low line had approximately 20% fewer gilts reaching puberty than did the High and Control lines. Average age at puberty did not differ significantly among lines for gilts exhibiting a pubertal estrus. Estrus detection terminated at the end of the breeding season, and thus age at puberty was not determined on all gilts. The observed means atbMeans within a row lacking a common superscript letter differ ( P < .05). aPercentage of gilts exhibiting estrus by end of first breeding season. bAge at puberty for gilts detected in estrus. CAge at puberty adjusted for percentage detected in estrus assuming gilts not detected were prepuberdPercentage of gilts mated that were pregnant at slaughter. ePercentage of eggs ovulated represented by live fetuses at slaughter. fFetal survival adjusted to constant ovulation rate of 11 eggs by covariate analysis. g,hMeans within a row lacking a common superscript letter differ ( P c .05).
tal.
for age at puberty would be appropriate if all gilts were detected in estrus or if gilts not detected in estrus were cycling but not exhibiting a behavioral estrus. The observed mean ages at puberty are biased downward in varying degrees, depending on the percentage detected in estrus if gilts not detected in estrus were still prepubertal. Procedures outlined by Dickerson and Laster (1975) were used to adjust the observed least squares means for differences among lines in percentage of gilts reaching puberty. Withinline standard deviations were used in this procedure. The adjusted means are presented in Table 9 . Low line gilts were estimated to be 17 and 13 d older at puberty than High and Control line gilts, respectively, if estrus detection had continued until all gilts reached puberty. Pregnancy rate was defined as percentage of gilts mated one or more times that were pregnant at slaughter. Pregnancy rate did not differ significantly among lines. Ovulation rate measured at slaughter by counting corpora lutea was significantly lower for High line gilts than for Low or Control line gilts. Line differences in fetal numbers at 60 d of gestation followed the same pattern as line differences in ovulation rate. Line differences in fetal number were not significant ( P = .20) but High line gilts had 1.03 and .58 fewer fetuses than did Low and Control line gilts, respectively.
Differences among lines in fetal survival (percentage of ovdations represented as live fetuses) unadjusted for ovulation rate were not significant. Because of the line differences in ovulation rate and the known relationship of decreasing survival with increasing ovulation rate, fetal survival was also analyzed with models that included ovulation rate as a covariate. In preliminary analyses, the interaction of the quadratic effect of ovulation rate with line, the overall quadratic effect of ovulation rate, and the interaction of the linear effect of ovulation rate with line were found to be nonsignificant. Thus, the relationship between ovulation rate and litter size was the same in all lines and was linear. Least squares means for fetal survival from an analysis in which the linear effect of ovulation rate was added to the model are also shown in Table 9 and differences among means were reduced.
Line differences in total fetal weight were not significant or large. However, the average fetal weight was higher for the High line than for the Low or Control lines. Neither the overall linear effect of number of fetuses on average fetal weight nor the interaction of the linear effect of number of fetuses with line was significant when it was added to the basic model used to analyze average fetal weight. Thus, differences in average fetal weight were apparently not the result of differences in average number of fetuses.
Discussion
Rothschild and Chapman ( 19 7 6) reported the results of two generations of selection for serum cholesterol measured at approximately 56 d of age in Yorkshire pigs. They reported a realized heritability of .22 f .05, compared with approximately .31 in this study. The difference between the High and Low lines was 22 mg/dL in their experiment, compared with 30 mg/dL after two generations of selection in this experiment. Also in agreement with this study, cholesterol concentration of their Control line was halfway between their two divergent select lines. Rothschild and Chapman (1976) did not report correlated responses in other traits but did indicate that BW at 56 d of age had a significant effect on cholesterol concentration. Reetz et al. (1975) reported paternal half-sib, maternal half-sib, and full-sib heritability estimates of .39 f .15, .19 f .18, and .29 (SE not reported) for serum cholesterol in 648 German Landrace females at approximately 100 kg. Pond et al. (1986) estimated the paternal half-sib heritability for serum cholesterol at 154 d of age in 318 gilts representing Chester White, Large White, Landrace, Yorkshire, and fourbreed crosses of these breeds. The heritability estimate pooled across breeds was .45 f .23. Rapacz et al. (1986) reported on a strain of pigs that had three immunogenetically defined lipoprotein markers that resulted in marked hypercholesterolemia on a low-fat, cholesterol-free diet. Pigs that were Lpb5/5, Lprll-, Lpul/-had average cholesterol values of 176.5 mgidL, compared with 103.0 mg/dL and 81.3 mg/dL for pigs that were Lpb5/5, Lpr2/2, L P U~/~, and Lpbdx, Lprll-, Lpull-, respectively ( x = alleles other than 5 ) . Lpb and Lpu seemed to be tightly linked, but neither was linked to Lpr. In vitro and metabolic studies demonstrated that the hypercholesterolemia was a result of defective binding of the low-density lipoproteins (LDL) to the LDL receptor (Lowe et al., 1988) as well as of a defect in LDL catabolism . The poor binding to the receptor was due to structural changes in the apolipoprotein rather than to defects in the LDL receptor (Rapacz et al., 1986) . Although mutations in the gene for LDL receptors are common relative to other known human mutations, the frequency of these mutations (.002) is considerably less than the frequency of hypercholesterolemia (. 1 1 in the American population . Thus, it is likely that genes at several loci are responsible for most cases of hypercholesterolemia in humans. This is probably also true in pigs given the' moderate levels of heritability obtained.
Bakke ( 1 9 7 5 reported slightly lower cholesterol in a line of pigs selected for an index of increased fat thickness and decreased daily gain (101.9 mg/dL) compared with a line selected for an index of decreased fat thickness and increased daily gain (109.9 mg/dL). In contrast, Steele et al. (1972) reported a somewhat higher level of serum cholesterol in Durocs selected for high fat thickness (1 12 f 3 mgi dL) than in those selected for low fat thickness (96 k 3 mg/dL). Mersmann et al. (1982) reported no differences in serum cholesterol in crosses of Duroc and Yorkshire selected for low fat compared with those selected for high fat thickness. In our study, postweaning ADG did not differ significantly between selected lines. Although line differences for fat thickness were generally not significant or large, backfat thickness averaged higher for Low than for High line barrows. Dunnington et al. (1981a,b) reported on a mouse experiment in which divergent selection was practiced for serum cholesterol at 60 d of age, voluntary physical activity, 56-d BW, and feed intake. Selection was conducted for five generations. Control lines were maintained with each set of select lines. Realized heritabilities were .41 and .45 for high levels of cholesterol and .37 and .37 for low levels of cholesterol in males and females, respectively. Response was greater for males and females in the high line (16.83 and 15.55 mg/dL, respectively) than for those in the low line (-6.99 and -4.75 mgidL, respectively). This would indicate that selection differentials were less in the low line because realized heritabilities were similar for high and low selection. Selection for divergent cholesterol concentrations did not change percentage of females littering, average littering interval, number of pups alive at 5 d, or weight of males at 12, 21, 42, or 56 d of age. Selection for a high level of cholesterol increased weight of females at 12, 42, and 56 d of age. Selection for a low level of cholesterol resulted in a decrease in 56-d weight of females. The results in females agree with the findings of our study relative to changes in BW at the age when cholesterol concentrations were determined. Mice selected for both high and low activity levels had serum cholesterol concentrations greater than those of their control line. The reason for this was not evident. Selection for high and low 56-d weight was accompanied by an increase in serum cholesterol in the high weight line and a decrease in the low weight line. This does not agree with the correlated response in weight resulting from direct selection for serum cholesterol. The high feed intake line had lower cholesterol concentrations than the low feed intake line. Weibust (1973) reported that five generations of selection for high and low levels of serum cholesterol in mice separated the lines by four phenotypic standard deviations. Realized heritability estimated from the regression of divergence on the combined cumulative selection differential was .51 for males and .50 for females. The response was similar in high and low lines.
In chickens, Cherms et al. (1960) estimated the heritability of serum cholesterol at 6 to 9 wk of age to be .19, .41, and .30 from sire, dam, and sire plus dam components of variance. After three generations of selection of extreme individuals within extreme families, the mean cholesterol values for the high, control, and low lines were 168, 151, and 131 mg/dL, These results agree with this study that serum cholesterol concentrations are moderately heritable in most species. The most unusual and unexpected result of our study was the large decrease in ovulation rate and concomitant change in litter size in the High line. These changes are not likely due to the creation of secondary selection differentials for litter size. The total divergent secondary selection differential for litter size was 1.70 pigs, or .62 of a standard deviation. Approximately 46% (. 7 8 pigs, one-half of Generation 1 female selection differential) of this resulted from selection among gilts born in foundation litters and an additional 47% (.80 pigs, one-half of Generation 2 male selection differential) resulted from selection among boars born in foundation litters. Inspection of the means in Table 2 shows that line differences for little size were near zero in Generation 1 (1988) but increased by about one pig in each of the next two generations (1989 and 1990) despite no increase in secondary selection differential for litter size from Generation 2 to 3. Also, most of the change in ovulation rate, and to a lesser extent in litter size, occurred as a result of a decrease in the High line rather than as a result of an increase in the Low line (High vs Control compared with Low vs Control). Yet, total cumulative secondary selection for litter size was less in the High line than in the Low line (-.47 vs +1.22 pigs). Thus, it would seem that serum cholesterol concentration on d 56 has a negative genetic correlation with ovulation rate and litter size, at least when selection is for increased cholesterol concentration. Because cholesterol is a precursor for most of the steroids that are involved in reproduction, it might be hypothesized that the High line would have a higher pool of cholesterol, higher steroid production, and thus higher reproduction, which was not the case in our study. However, the pool of cholesterol in the blood can be modified by changing the production and absorption of cholesterol and by changing the use or clearance of cholesterol from the blood. How these actions combine to change serum cholesterol concentrations in these lines is not known.
Implications
Genetic variation exists among pigs for serum cholesterol concentration. Divergent selection for serum cholesterol concentration on d 56 will result in lines with significantly different serum cholesterol concentrations at 56 and 165 d of age. Genetic changes in serum cholesterol will affect other traits, but correlated responses will depend on the direction of selection. Serum cholesterol concentration is a measurement of the net effects of absorption of cholesterol from the diet, in vivo synthesis of cholesterol, and use of cholesterol by various body tissues. Differential changes in these components as a result of divergent selection may be responsible for differential correlated responses. These lines would be useful to determine mechanisms that control serum cholesterol concentration.
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